ABSTRACT: Primary and secondary multiphase mineral inclusions, without preserved fluid are found in ferrikaersutite megacrysts from the Cenozoic Harrat Ash Sham Volcanic Field in ٍ Syria. Mineral phases in the inclusions are magnetite, hematite, pseudobrookite and pyrrhotite. The kaersutite megacrysts formed from a hydrous basanitic melt at depth. Silicate minerals in the inclusions are olivine, plagioclase, phlogopite, hornblende, clino-and orthopyroxene. These silicate minerals crystallized from melt penetration and infillings of veins and fractures in the kaersutite. Magnetite and pyrrhotite inclusion formed through magmatic crystallization which was followed by low temperature alteration and re-equilibration. Late stage near-surface alteration resulted in the formation of hematite, limonite and fine-grained weathering products which comprise high-Fe-Si-, Si-Mg-Al-, Si-Fe-Al-, Si-Al-and Si-Ti-Al-Fe-Ca-rich alterations. The composition of these late stage alteration products was governed by low-temperature postmagmatic alteration of kaersutite along cleavage planes and fractures.
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Introduction
ron-oxide, sulphide, silicate solid, and melt inclusions have been reported from minerals (e.g. olivine and pyroxene) in igneous rocks of diverse compositions with different cooling histories (e.g. Larocque et al., 2000; Török et al., 2003; Zajacz and Szabó, 2003; Halter et al., 2004a b; Hongfu et al., 2006; Laubier et al 2007) . Such inclusions in minerals of igneous rocks provide important information on the composition and evolution of magmatic systems (e.g. Andersen and Neumann, 2001; Frezzotti, 2001) . However, the composition of solid and melt inclusions in minerals may be controlled by the composition of the host phenocryst and can be affected by processes such as volatile dissociation, oxidation, partial re-equilibration, alteration, and reaction with their host during cooling.
Upper mantle xenoliths and megacrysts of kaersutite as well as clinopyroxene, orthopyroxene and spinel can be found in lava flows and ejecta of the Cenozoic Harrat Ash Sham volcanic field of Jordan and Syria. The kaersutite megacrysts are single crystals and contain multiphase solid inclusions. In this paper, we describe several generations of primary and secondary multiphase solid inclusions in kaersutite megacrysts that occur in Quaternary basaltic rocks from the Harrat Ash Sham volcanic field, Syria. We present textural observations and compositional data of these inclusions and discuss the possible processes which have formed and modified these inclusions.
Geologic setting
The Cenozoic Harrat Ash Sham volcanic field is a segment of a widespread volcanic province in the northwestern part of the Arabian Peninsula (Figure 1 ) which consists of several volcanic fields that are locally called "harrats" (Camp and Roobol, 1992; Nasir, 1994) . The Harrat Ash Sham Volcanic Field is noteworthy due to abundant mafic and ultramafic xenoliths, xenocrysts and megacrysts (Nasir, 1992; Nasir et al., 1992; Nasir, 1995; Nasir and Safarjalani, 2000; Al-Mishwat and Nasir, 2003) . The emplacement of the Harrat Ash Sham lava was controlled by rifting related to the opening of the Red Sea. K-Ar age dating indicates that most of the volcanism occurred before 14 + 1.6 Ma ago (Ilani et al., 2001) compositionally the lavas are mainly alkali olivine basalts and basanites (Nasir, 1994; Lustrino and Sharkov, 2006; Krienitz et al., 2006; Shaw et al., 2007) . In southern Syria there were three episodes of volcanism -in the Miocene, Pliocene and Quaternary.
These three episodes are petrographically and geochemically indistinguishable (Mouty et al., 1992) . However, kaersutite megacrysts and mafic and ultramafic xenoliths of lower crustal and upper mantle origin are most common in the Quaternary lavas and are scarce in the Miocene-Pliocene alkali olivine basalts. The petrography and mineral chemistry of these xenoliths are described in detail by Nasir (1992) and Nasir and Safarjalani (2000) . The dominant megacryst phases in the Harrat Ash Sham volcanic field are Al-clinopyroxene, ferroan spinel (pleonaste) and kaersutitic amphibole (Nasir, 1995) . Pressure-temperature estimations (e.g. 2 pyroxenes Ca in orthopyroxene thermometers, Ca in olivine barometers) suggest that the megacrysts and maficultramafic xenoliths crystallised at temperatures of 900-1050°C and pressures of 12-15 kbar i.e. in the upper mantle near the crust-mantle boundary (Nasir, 1992; Nasir and Safarjalani, 2000) .
Methods
The samples in this study were collected from the pyroclastic component of the Quaternary alkali-olivine basalt of the Dhanoon volcano in the Harrat Ash Sham Volcanic Field (Figure1). Three megacrysts (M1, M2, and M3) were selected for this study. These specimens contain abundant round to oval-shaped silicate, sulphide, and oxide inclusions. The inclusions were screened by means of transmitted and reflected light microscopy as well as with back-scattered electron imaging (BSE). Mineral analyses were then carried out on representative inclusions at Universität Stuttgart using a CAMECA SX100 electron microprobe. Operating conditions were: 15 kV accelerating I voltage, 10 to 15 nA beam current, 1 to 5 µ electron beam size, and integration time of 20 seconds on peak and on background per analysed element. The standards applied were: corundum (Al), albite (Na), wollastonite (Ca, Si), MgO (Mg), orthoclase (K), rhodonite (Mn), hematite (Fe), barite (Ba), rutile (Ti), NiO (Ni), Cr 2 O 3 (Cr), CoO (Co), sphalerite (Zn) and chalcopyrite (Cu, Fe, S) . The raw data were corrected using the PAP procedure. No aqueous fluid inclusions were observed in the investigated samples. 
Petrography
Amphibole megacrysts occur as black and hypidiomorphic crystals ranging between 5 x 3 x 3 cm and 10 x 5 x 5 cm in size (Figure 2a, b) . Most amphibole megacrysts are characterised by numerous inclusions that are distributed irregularly or in patches or are aligned in planes. The inclusions are often bleb-like, rounded, rod-like, elongated or globular (Figures 3a 4a 5a ). In case of elongated inclusions, the long axes of rods are oblique to the (110) cleavage planes of the host amphiboles (Figure 4a ). In many cases, minute veins containing the same mineral phases as the inclusions connect inclusions (Figures 3c d f and 4a b f) . Furthermore, sealed cracks connecting the inclusions are also present. These cracks are often curved and not related to the cleavage planes of the amphibole. The identified inclusion phases comprise various sulphide, oxide and silicate minerals as well as silicate-and/or Ferich alteration products. The alteration products are variable in size and shape (Figures 3-5) . They occur as birefringent cryptocrystalline aggregates of presumably silicate minerals (e.g. clay, chlorite) and/or iron hydroxides (limonite) filling the spaces between daughter crystals.
Oxide minerals are magnetite, pseudobrookite, and hematite. Pyrrhotite is the major sulphide phase, occurring as rounded or rod like blebs that typically form isolated rounded inclusions. Small amounts of chalcopyrite appear together with pyrrhotite in inclusions of sample M3. Table 6 ) and iron oxide surrounded by plagioclase, orthopyroxene and SA3. (e) Rounded magnetite inclusion bounded by plagioclase orthopyroxene and tschermakitic hornblende (thbl). (f) Magnetite inclusion with voids and bounded by pyrrhotite and plagioclase. A vein cross-cuts the kaersutite and the inclusion. The vein is filled with orthopyroxene, plagioclase, magnetite, hematite, ferrokaersutite (fkst).
(2) Megacryst Type B (sample M2; globule a-f in Figure 4 ) contains inclusions of pyrrhotite, magnetite, hematite, pseudobrookite, clinopyroxene and orthopyroxene. Most of these inclusions have elongated, rod-like outlines ranging in length from 50 to 100 µ, and occur along parallel planes. Interconnecting veins and annealed fracture planes are common (Figure 4a to f). The veins and fractures are filled with fine-grained aggregates (e.g. chlorite and/or clay minerals).
(3) Megacryst Type C (sample M3; globules a-f in Figure 5 ) contains globular inclusions. These inclusions occur as isolated globules within the kaersutite, as well as several globules arranged along cleavage planes of kaersutite. Some globules are associated with open voids (Figure 5a , b).
Most blebs of this type have a droplet shape and range in length from 100 to 1200 µ. Meniscus-shaped boundaries of silicate alteration assemblages are common in open voids ( Figure 5b ). The inclusion phases comprise pyrrhotite, chalcopyrite, a Ni-Co-S solid solution phase, magnetite, pseudobrookite, hematite, clinopyroxene, olivine and fine-grained alteration products. Along rims and cracks, pyrrhotite is partly replaced by limonite (Figures 4c and 5f ). In megacryst M3, empty voids occur associated with hematite inclusions (Figure 5c , d). The shape of hematite and magnetite in these inclusions is rounded and bleb-like. The interior of hematite drops in M3 is often frothy and impregnated by minute holes (Figure 5b, e) . Similar frothy hematite globules in olivine were observed by Larocque et al. (2000) , who interpreted these structures as due to degassing phenomenon. 
Chemical compositions of kaersutite and the inclusion phases

Silicate minerals
The kaersutite host crystals are homogeneous in composition (# 61 to 63, Table 1 ). No significant chemical zoning has been detected even on the centimeter scale. Mössbauer spectroscopy indicates that all Fe in the kaersutite is Fe 3+ (Nasir and Al-Rawas, 2006) . Thus, they are ferrikaersutite according to the nomenclature of Leake et al. (1997) . The composition of the kaersutite megacrysts is similar to that of the associated group I and II xenoliths. Amphibole re-crystallisation on small void walls can be easily recognised by a slight change in colour. The bleached kaersutite seams around inclusions are characterised by very low or no Fe 3+ (# 64, Table 1 ) according to the calculated formulae. Two additional varieties of amphibole were identified within the inclusions. The first variety which is Al 2 O 3 -rich and TiO 2 -poor occurs in inclusion M1-e (# 65, Table 1 ). It is a tschermakitic hornblende according to the nomenclature of Leake (1997) . The second variety is a ferro-kaersutite, and occurs in inclusion M1-f (# 66, Table 1 ). This amphibole is Ti-and Fe-rich and Mg-poor. Table 1 ). In comparison to phlogopite in associated group I xenoliths, it shows lower contents of Al 2 O 3 , TiO 2 , and Na 2 O and higher MgO content.
Olivine up to 0.8 mm occurs in sample M3. This mineral is reddish in colour as if oxidized to fine-grained iddingsite. However, microprobe analyses still yield compositions close to olivine (# 68 and # 69 in Table 6 ). Variations in Fe and Mg content suggest a zoning of the former olivine. The chemistry of olivine is relatively similar to olivine in host basalt and associated group II xenoliths (Table 1) . Holland & Blundy (1994) (# 64,65,66) . krs: subcalcic kaersutite, thbl: tschermacitic hornblende, fkrs: ferro-kaersutite, phl: phlogopite, ol: olivine. I, II, Bas: Representative mineral analyses from Group I and II xenoliths and basalts from the same area (Nasir, 1992 (Nasir, , 1995 . Figure  5 b-c # 53-54, Table 2) whereas that from inclusions M2-e and M3-c (Figures 4e and 4c , # 55-56) is augitic (Wo36-42En 46-53Fs9-10) according to the pyroxene nomenclature of Morimoto et al. (1988) . The Mg# of clinopyroxenes from megacrysts M1 (# 53-54) varies between 0.68 and 0.71, which is lower than the Mg# of pyroxenes from host basalts and associated xenoliths (0.8-0.92). However, clinopyroxenes from inclusions M2 and M3 are similar in their Mg# (0.82-0.85) to Mg# (0.8-0.83) of host basalt and group II xenoliths from the same area (Nasir, 1992) .
Orthopyroxenes were detected only in inclusions M1 (d, e, f) and M2-d (# 57 to 60, Table 2 ). The Mg# of this mineral is variable (0.81-0.92). Orthopyroxene from inclusion M2-d (# 60) is poor in Al 2 O 3 (3.91 wt.%) compared with those from M1(# 57 to 59, Table 2 ). The orthopyroxenes in the inclusions of megacryst M1 have Mg# of 0.81 to 0.85, which is similar to the Mg# of orthopyroxenes from associated megacryst and group II xenoliths from the same area, while orthopyroxene from megacryst M2 (#60, Table 2 ) is similar in Mg# (0.92) to clinopyroxenes from associated group I xenoliths.
Plagioclase occurs only in inclusions d, e, and f (Figure 3d ) of the megacryst M1 (# 70 to 72, Table 3 ). The plagioclase compositions (73) (74) (75) ) are similar in all inclusions. The An-content of this plagioclase is higher than the An-content in the host basalt (An 40-50 ).
Iron oxide minerals
Magnetite occurs in four compositional varieties: type (1) magnetite coexists mostly with pyrrhotite (samples M1 and M2) and shows exsolution lamellae of another type of magnetite (type 2). Type1 magnetite is poor in Al 2 O 3 and MgO (#20, 27, Table 4 ) and shows only minor amounts of the ilmenite component in comparison to Type 2 hematite, which is associated with magnetite (# 37, 41; Table 4 ). Type 3 hematite occurs in blebs of SA inclusions and is close to the end-member composition (# 45, Table 4 ).
Sulphide minerals
Pyrrhotite is the principal sulphide phase in the inclusions. In the structural formula normalised to one sulphur, the cation total ranges between 0.88 and 0.93 (# 46 to 50, Table 5 ). In samples M1 and M2, pyrrhotite mostly occurs as single-phase inclusions (54) or Ni-Co-Fe-S phase solid solution (33 wt.% NiO and 18 wt.% CoO; # 52, Table 5 ) occurs as tiny (up to 5 µm in size) inclusions in magnetite. Chalcopyrite associated with Ni poor pyrrhotite was observed only in M3 (# 51, Table 5 ). The sulphide compositions resemble those reported from sulphides in clinopyroxene megacrysts and sulphide inclusions of Type-I xenoliths from several localities globally ( Figure 6 ) (Zajacz and Szabó, 2003) .
Alteration phases
Tables 6 and 7 summarize the electron microprobe data for the different alterations phases in the inclusions. Two main types of alteration products are found: iron-rich alteration (IA) and silicate alteration (SA). Analyses of SA and IA show low and variable anhydrous totals of 74 to 92 wt.% and 85 to 97 wt.% respectively. Similar observations were made by Stimac and Hicmott (1996) and Larocque et al. (2000) on comparable iron-rich inclusions. These authors attributed such low totals to the frothy nature of the inclusions.
Another and more probable reason for obtaining low totals in the microprobe analyses could be the volatile content in the alteration products of the inclusion (e.g. Churikova et al. 2007) . The silicate minerals (e.g. hornblende, pyroxene, phlogopite and plagioclase) are altered to fine grained products ("clay minerals and/or chlorite"), particularly in sample M2.
Iron-rich alteration (IA)
IA is associated with magnetite, hematite, or pyrrhotite inclusions. It shows high Fe 2 O 3total (80-89 wt.%), low MgO (0.2-3.3 wt %), and variable SiO 2 (12-19 wt%), CaO (0.16-2.4 wt%), TiO 2 (0.02-0.2 wt%) contents, and contains appreciable NiO (0.1-0.9 wt%). Contents of alkali oxides (0.02-0.1 wt.%) are negligible (Table 6) . Hurai et al. (1998) and Larocque et al. (2000) observed similar compositional ranges for high iron glass inclusions in olivine megacrysts (Table 6 ). However, the IA compositions in Table 6 do not look like they were originally silicate melts or glasses, but are most probably iron hydroxides. Kullerud et al. (1969) . (c) Bulk sulphide compositions compared to compositions of sulphides in Type I xenoliths and clinopyroxene megacrysts (Zajacz and Szabó, 2003) .
Silicate alteration (SA)
The anhydrous total of SA always shows a clear deficit compared to 100% total, which is attributed to alteration of silicate minerals to hydrous phases (e.g. chlorite and/or clay minerals). During this alteration, the original composition was modified. The extent of this compositional modification is difficult to assess. Four groups of SA compositions have been identified (Table 7 ). The first (SA1) is associated with hematite and contains 41 to 48 wt.% SiO 2 with some MgO and Al 2 O 3 as sole constituents of importance. CaO is only present in subordinate amounts in SA1 (# 6 ,7; Table 7 ). In contrast, SA occurring with magnetite (SA2) contains 36 to 44 wt.% SiO 2 , higher Al 2 O 3 and lower MgO content. In addition, 3.7 to 7.8 wt. % of Fe 2 O 3total are present in SA2 (# 8 to 11, Table  7 ). Other oxide components are subordinate. Both alteration products (SA1 and SA2) are comparable in composition to clay minerals (e.g. saponite and/or vermiculite) and thus could be mainly composed of such phases. SA3 was found mainly in M1 inclusions. It is represented by a Fe-Al-rich alteration product with a composition similar to Fe-rich chlorite and/or chloritic alteration in terms of its Fe 2 O 3 -(29-42 wt.%), Al 2 O 3 -(19-22 wt. %), and SiO 2 -content (21-26 wt.%). MgO, CaO, TiO 2 , MnO, and alkalis are minor and range between 0.01 and 2.8 wt. % each (# 12 to 14, Table 7 ). Brownish-coloured silicate alteration (SA4) is present in open cavities and at the rims of inclusions of sample M3. Under reflected light, this alteration shows abundant reddish internal reflections pointing to the presence of Fe 3+ -rich minerals. SA4 is similar in composition to the kaersutite host. Remarkable is the relatively high content of TiO 2 in SA4, ranging between 5.4 and 6.2 wt.% (# 15 to 19, Table 7 ). The main chemical variability of SA4 concerns the Fe 2 O 3 content ranging between 13.9 and 20.0 wt. %.
Discussion
Kaersutite crystallizes from mafic and ultramafic melts at medium pressures, somewhat below 10 kbar, high temperatures (>950 o C) and moderate oxygen fugacity (Oba, 1997; Ernst and Liu, 1998) . Hops et al., (1992) proposed a model of megacryst formation from localized melt segregations within the lithosphere. Boettcher and O'Neil (1980) and Ionov et al., (1997) presented evidence that metasomatism of upper mantle lherzolite by aqueous fluids rich in TiO 2 , K 2 O and FeO is responsible for the production of kaersutite.
Conformably, studies of mantle xenoliths from Jordan and Syria show that the formation of the Harrat Ash Sham Volcanic Field over the last 40 million years was accompanied by extensive mantle metasomatism Nasir ,1992; Nasir and Safarjalani, 2000) . Henjes-Kunst et al. (1990) showed that the lithospheric mantle beneath the Arabian Peninsula formed from the same source as the overlying juvenile crust -at about 700 Ma. Henjes-Kunst et al. (1990) identified two metasomatic events in the sub-continental lithosphere, the second of which they related to mantle processes connected to the formation of the Red Sea. The megacryst suite of the Harrat Ash Sham Volcanic Field comprises large unzoned single grains of clinopyroxene, orthopyroxene, spinel and kaersutite. These megacrysts have a limited range of compositions (Nasir, 1995) . Major and trace-element partitioning in the kaersutite megacrysts indicates that they equilibrated with their host magmas (Nasir, 1995) . The monomineralic nature of the megacrysts suite, their large size and homogeneity, and their uniform composition suggest crystallization from a hydrous melt. The megacryst assemblages are interpreted as high-pressure phenocrysts associated with the formation and partial crystallization of a hydrous basanitoid melt at depth. The abundant presence of kaersutite and its association with other phases implies the formation of a hydrous melt at a depths estimated to be 40-50 km (Nasir and Safarjalni, 2000) . (This hypothesis is very testable by comparing REE and trace element patterns of megacrysts with basanite REE and trace element patterns).
The mineral composition of primary minerals (magnetite, pyrrhotite) of the inclusions in the three kaersutite megacrysts are extremely heterogeneous both in terms of phase compositions and phase proportions. The inclusions lack a visible melt and fluid phase (i.e. H 2 O, CO 2 ). However, the former presence of a fluid phase may be assumed because of the regular presence of one or more deformed cavities (voids) within most inclusions (Figures 3-5) . The formation of solid inclusions in these kaersutites as manifested by the typical round to oval shapes could be due to trapping of melt residue from the basanitoid magma which may have penetrated the fractured kaersutite during crystallisation. The spherical shape of some magnetite inclusions and some negative crystal-shaped oriented inclusions suggests their enclosure during the growth of the host amphibole. Formation of some inclusions contemporaneous with the growth of kaersutite is an attractive explanation because of the parallel arrangement of the long axes of inclusions (Figure 4 ) which may represent former kaersutite growth planes as proposed by Andersen et al. (1987) and Zajacz and Szabó (2003) . However, from the textural descriptions and the BSE images (Figures 3 to 5 ) it appears that most inclusions are secondary in origin, i.e. trapped along cracks in kaersutite after it had already crystallised. (Could rod-like inclusions reflect exsolution phenomenon?). Some inclusions are interconnected by veins containing the same assemblages as the inclusions. These veins are interpreted as former cracks that partly exploited kaersutite cleavage planes. Sub-parallel fractures combined with breaks along the cleavage divide the crystals into small fragments. In sample M3 a suite of inclusions can be observed ranging from ovoid droplets in open voids to rounded inclusions completely enclosed by amphibole (Figure 5a ). This observation suggests that the trapping of some of the inclusions occurred in open cracks. An additional argument for a secondary origin of most inclusion is that the host kaersutite was not in chemical equilibrium with the trapped melt. In most globules, the host amphibole-inclusion interface is not smooth but irregular and shows an intimate interlocking of silicates with kaersutite (Figures 3d, e, f, and 4c, e, c) . The irregular interfaces of the inclusions and veins with the host kaersutite which show resorption and melting of the host, might be connected with the infiltration and thermal effect of the basalt. Table 2 . Representative electron microprobe analyses of pyroxenes.
Fe 2 O 3 /FeO ratio determined from stoichiometry CPX, OPX: Representative clinopyroxene and orthopyroxene megacrysts, respectively from the same area (Nasir, 1995) . Bas.: Representative clinopyroxene from associated basalt (Nasir, 1995) , I, II: Representative clinopyroxene and orthopyroxene from Group I and II xenoliths from the same area (Nasir, 1992) . Table 3 . Representative electron microprobe analyses of Plagioclase.
The texture of the rods and globules in the kaersutite resembles the anorthosite-calcite rods within kaersutite megacrysts described by Wallace (1977) and the sub-parallel tubular voids in labradorite phenocrysts described by Gutmann (1974) . Wallace suggested that the rods are large elongate fluid inclusions that resulted from the growth of gaseous "bubbles" on the crystal contemporaneously with the crystal growth. He interpreted the anorthoclase and calcite as secondary filling of rods in the kaersutite. Gutmann (1974) suggested that the tubular voids in labradorite resulted from nucleation of a gas phase. The pyroclastic breccia of Harrat As Sham volcanoes, including Dhanoon volcano, were the results of multiphase volatile-rich explosive eruptions (Nasir and Safarjalani, 2000) . During eruption the kaersutite megacryst was broken up and veins and fractures were filled by melts from which silicate minerals crystallized. The kaersutite host crystals are homogeneous in composition, which implies that there were no reactions between kaersutite and the invading melt. Most analyses of kaersutite, pyroxene, and olivine show them to be relatively similar in their chemistry to those in host basalt and associated group II xenoliths, which supports the argument that most of the silicate minerals were formed through crystallisation from invading melt. However, a few analyses of silicate minerals (e.g., hornblende # 65-66, SA and IA are extremely heterogeneous both in terms of composition (Tables 6-7) and included phase proportions. The IA are dominated by hematite and limonite, while the SA are dominated by chloritic phase and some other clay minerals (SA1-3), and/or kaersutite alteration (SA4). Silicate alteration may represent vein-fillings crystallized from an invading melt and/or they may have formed by alteration of silicate minerals with the last, H 2 O-rich melt fraction. This suggests variable growth histories and/or more probably low temperature latemagmatic or subsolidus alterations of kaersutite, iron oxides and infilling silicates along the cleavage planes ( Figure  5 ), fractures (Figure 6a , b, and d) and around sulphide inclusions (Figure 4) . Magnetite is altered to hematite along cracks and cavities (Figures 23, f, 5b, f) . This well known martitic alteration of primary magnetite was obviously a post-trapping process. The presence of Ni-rich magnetite (trevorite) inclusions in hematite may reflect such an oxidation reaction: magnetite (ss) + O 2 => hematite + trevorite. Table 4 . Representative electron microprobe analyses of iron-oxides. Table 5 . Representative electron microprobe analyses of sulfides. po: pyrrhotite, cp: chalcopyrite, mss: Ni-Co-S monosulfide solid solution. Table 6 . Representative electron microprobe analyses of iron-rich alteration (IA) in inclusions from kaersutite megacryst in comparison to high-iron glass in igneous xenoliths from the Carpathians (Hurai et al., 1998) and in volcanic rocks from the Philippines, Mexico, USA and Japan (Larocque et al., 2000) .
Globule*: (a to f) refers to Figures 2 to 4. C: average of 6 samples from Hurai et al. (1998) . PJ: average of 26 samples from Larocque et al. (2000) .
After formation of the host kaersutite, circulating fluids may have interacted with pre-existing inclusions. In this way, the original chemical signature of the inclusions would be lost. Alteration processes such as zeolitization of the volcanic tuff (e.g., Dwairi, 1998; Ibrahim and Hall 2004) and post-magmatic deutric iddingsitization of olivine in the host basalt and associated xenoliths is a widespread phenomenan in the Harrat Ash Sham volcanic field (e.g., Nasir and Mahmood, 1991) .
TiO 2 -rich silicate alteration (SA4) is present at inclusion rims of sample M3. The composition of this alteration is similar to that of the kaersutite host (# 15 to 19, Table 7 ). The composition of the participating Ti-rich silicate alteration (SA4) was probably produced by decompression melting of the kaersutite host. Table 7 . Representative electron microprobe analyses of silicate alteration (SA).
At present there seems to be no way to derive the true composition of the original precursor of the IA and/or SA because of the observed variable alterations and variable phase compositions and ratios.
Conclusions
In this paper we describe different types of primary and secondary multiphase solid inclusions in ferrikaersutite megacrysts occurring in Quaternary alkali basalts from Dhanoon Volcano, Syria. The inclusion compositions reported include silicates, sulphides, oxides, Fe-rich-and/or silicate-alteration products.
Magnetite crystallised most probably from a Fe-rich melt in the early phases of inclusion growth. In a later phase, pyrrhotite, hematite, trevorite, and pseudobrookite crystallized.
Secondary inclusions were trapped along cracks in kaersutite after crystallizaton. Textures, solid mineralchemistry as well as iron-rich and silicate alterations indicate that the original compositions of the inclusions phases were further modified by low-temperature post-magmatic deutric alteration of inclusion minerals. Late stage, nearsurface alteration formed limonite and fine-grained sheet silicates possibly due to interaction with the last, H 2 Orich, melt and/or circulating fluids.
